Abstract
Introduction
The aim of 3G and 4G mobile cellular network is to provide high speed packet traffic communication for voice data integrated traffic, as discussed in [1] - [4] . Capacity of wireless channel is limited by its coherent time and coherent band-width because of multi-path propagation which introduce intersymbol interference (ISI). Because of bandwidth limitation and additive white Gaussian noise, wireless channel is vulnerable in context of high bit error rate. To ensure quality of service (QoS) of mixed traffic, it is important to handle the traffic with appropriate mathematical model. In the present time, a mobile cellular network has the provision of voice data integrated service based on mobile IP (MIP), summarized in [5] - [7] , suffers from huge retransmission time. With emergence of asynchronous transfer mode (ATM), tradeoff between 'bandwidth' and 'high bit rate' is now possible for wireless data traffic. It takes the advantages of both the classic circuit mode and the packet mode traffic. A circuit mode traffic offers high bit rates at the expense of working with fixed bandwidths but packet mode traffic uses bandwidth when necessary at rather low transmission rates, ATM offers both high bit rates and efficient use of available bandwidth [8] - [10] . Retransmission time is tolerable for non-real time services but for voice or video service, bit error rate must be limited to certain limit, to avoid frequent retransmission. Most of the cases, network traffic is analyzed using multidimensional Markovian chain which is suitable for voice traffic. But in this paper, traffic of ATM is analyzed based on two states transition diagram of Markov arrival process (MAP) called Markov modulated Poisson process (MMPP). Instead of each probability state, here flags 0 and 1 are used to represent under-load and over load states of the network. Like ordinary Markovian chain, there are transition from underload to overload state and viceversa. Both the states have a loop of arrival which keeps the state stable.
The plan of the paper is as follows. Section II depicts the concept of traffic model of MAP and MMPP with example, while Sec. III proposes a mathematical model which shows that the ratio of eigenvalues of the generator matrix of MAP gives ratio of average system failure time and retransmission time of a wireless link. Section IV depicts the results on entire analysis and gives the save margin of the network operation in context of tolerable bit error rate, and finally Sec. V concludes the analysis of the paper.
Continuous Time Packet Traffic Model (MAP and MMPP)
Markov Arrival Process (MAP) is defined as a process 
where both C and D are m m × matrices. The matrix C has negative diagonal elements and nonnegative offdiagonal elements where each element of C corresponds to state transition without arrival. The matrix D has nonnegative elements and each element correspond to transition with an arrival. The matrix Q is defined as, Q=C+D.
The non-negative numbers ), 
shown in Figure 1 . In Fig.1 
The n state MMPP is characterized by the matrices Q and D where each one is an n n × matrix. The transition probability matrix is
e dx e t ( ).
To evaluate 
Traffic of Asynchronous Data
Let the number of bits in the payload of a cell be M and the probability of a bit being in error be ε. Therefore, the probability of one or more bit in error for a packet will be
We know that a packet has to be retransmitted if the number of erroneous bits exceeds the threshold κ. Therefore, the probability of retransmission of a packet considering Binomial distribution can be expressed as
Let the transmission and process time of a packet is τ. Now, the successful retransmission time can be expressed as [15] - [16] , [ ] 
Average system failure time is
where B is the bandwidth of the wireless link. The ratio of the Eigen values,
Therefore,
The above inequality must hold for successful operation of the network.
Results and Discussions
A series of curves of
is drawn in Figure 2 taking 'threshold erroneous bit', ( κ ), as a parameter to get the profile of intersection points. Such profile reveals the safe operation region of the network in context of probability of single bit error. Five set of curves of Figure 2 provides five intersection (cross) points shown in Table 1 for different values of 'threshold erroneous bit', ( κ ). Numerical values of the intersections of ( )
are multiplied by 1000 and the probability of single but error of the corresponding points are plotted simultaneously in the bar graph of Figure 3 . Save operating region (x axis of Figure 2) increases with increase in κ at the same time the system can support higher probability of single bit error as visualized from the Figure 3 . Profile of both the parameters of Figure 3 are
curve is steeper than that of ε.
We know higher threshold erroneous bit', ( κ ) is tolerable for voice communication and the probability of single bit error depends on channel fading. Therefore, from Figure 3 , we can make trade-off between real time operation of voice communication and its QoS through a fading wireless channel. 
Conclusions
The profile of threshold points against threshold erroneous bit is found almost linear and probability of single bit error, supported by the link, also increases linearly to maintain the same QoS. Here the transition of states of Markov chain is considered for the case of without arrival; however, one or more intermediate states can be incorporated regarding transition of with and without arrival to get more precise probability of the states. In this paper, some typical values of cell arrival rate are chosen to evaluate traffic parameters. But in real life environment, 'arrival rate' has to be determined from behavior of the users, which can be done from the traffic histogram (discrete probability density function of a user group) of the network.
